and CE in children [1, 2] . Therefore, here, we evaluated PC tolerability in children scheduled for CE, focusing on their ability to ingest the capsules.
Methods

Study Design
We retrospectively analyzed medical records from March 1, 2012, through March 31, 2016, of pediatric patients whose intestinal patency had been evaluated by using a PC (Given Imaging, Ltd., Yoqneam, Israel) prior to CE to investigate small intestinal diseases. PC and CE examinations were performed after written informed consent was obtained from each patient and/or each child's legal guardian. The children and their parents or legal guardians were given, in writing, a full explanation of the aims of the PC and CE examinations, their possible hazards, and inconveniences that could be faced. From the patient records, we collected physical characteristics, indications for CE, time taken to ingest the PC and/or CE, and outcomes of the PC and CE evaluations. We defined ingestion difficulty as taking 30 min or more, or failure, to ingest the PC. From these data, we analyzed the occurrence rate of and factors contributing to PC ingestion difficulty, as well as relationships between the outcomes of PC and CE ingestion. This retrospective study protocol conformed to the principles of the Declaration of Helsinki and was approved by our institutional Ethics Committee (approval number: 3416).
PC Examination
The PC used in this study is licensed in Japan; it is coated with an impermeable membrane and contains 10% barium sulfate for radiopacity [15] . Unlike the PCs licensed in the United States and Europe [12] , it contains no radiofrequency identification tag. Because the identification tag has been reported to cause impaction at stenoses, leading to small-bowel ileus [16] , the tagless PC was developed and licensed in Japan [15] .
Patients were given the PC orally and the time taken for ingestion was recorded. Some patients who failed to ingest the PC on the first attempt retried on another day. After the PC had been ingested successfully, its excretion or location in the abdomen was evaluated. The time for PC excretion was recorded by the patients and/ or their legal guardians. Abdominal radiograms were obtained when required to confirm the location of the PC. Once the PC was confirmed to have reached the colon or had been excreted without dissolution, the patients underwent CE. After the CE exam, patients were asked to judge whether it was easier to ingest the PC or the CE.
Capsule Endoscopic Examination
Patients fasted overnight or for at least 8 h before swallowing the CE (Pillcam SB2, Given Imaging, Ltd., Yoqneam, Israel); the time required for ingestion of the capsule was recorded. The patients could immediately resume normal activities and were permitted to consume clear liquids 2 h and food 4 h after ingesting the capsule. The patients or their legal guardians were asked to record the time when the capsule was excreted. Recording from the CE stopped after 7-8 h. The images obtained from the CE were analyzed by pediatric gastroenterologists using Rapid Reader software (Given Imaging).
Statistical Analyses
Comparisons of 2 groups (ingestion difficulty vs. no ingestion difficulty, or PC vs. CE) were made by using Mann-Whitney U testing. Two-sided p values <0.05 were considered to be statistically significant. Multivariate linear regression analyses were performed to identify independent factors that affected PC ingestion difficulty. The diagnostic performance of the various characteristics was evaluated by plotting receiver operating characteristic curves. The areas under the receiver operating characteristic curves (AUROCs) were used as indices of accuracy. The point on the curve that was closest to the top left corner of the graph was selected as the best cutoff value. We calculated the AUROC, optimal cutoff, sensitivity, specificity, and positive and negative predictive values for estimating PC ingestion difficulty.
Results
Patients
Sixty-one patients (40 boys; median age 12.9 years; age range 7.4-17.3 years) underwent PC examination ( Table 1 ). The indications for capsule endoscopy are shown in Table 1 . None of the patients had any neurological disorders that could have affected capsule ingestion.
Feasibility of Conducting an Initial PC Examination
Among the 61 patients, 46 (75.4%) were able to swallow the PC ( Fig. 1 ) . The time taken to ingest the PC was less than 30 min for 39 of the 61 patients (63.9%) and 30 min or more for 7 patients (11.5%). The remaining 15 patients (24.6%) were unable to swallow the PC after at least 30 min of trying ( Fig. 1 ). Difficulty in PC ingestion was thus noted in 22 patients (36.1%). 
Factors of PC Ingestion Difficulty
Patients who had ingestion difficulty were significantly younger and shorter than those who did not have ingestion difficulty ( Table 2 ). There were no significant differences between those who had ingestion difficulty and those who did not with respect to gender, weight, or body mass index percentile. To identify which independent factors affected PC ingestion difficulty, we used multiple regression analysis of age and height. Height was significantly associated with PC ingestion difficulty (coefficient = -0.0134; 95% CI -0.022 to -0.005; p = 0.002). The cutoff value of height for predicting PC ingestion difficulty was 152 cm, with 0.738 AUROC (95% CI 0.603-0.873), 81% sensitivity, 63% specificity, 55% positive predictive value, and 86% negative predictive value.
Reattempted PC Ingestion
Seven of the 15 patients who were unable to ingest the PC at the initial trial made a renewed attempt on another day ( Fig. 1 ) . Five of those 7 patients succeeded in ingesting the PC. The remaining 2 patients were again unable to ingest the PC. These results indicate that previous experience with PC ingestion improves PC ingestion on retrial.
Passage of the PC Fifty-one patients ingested the PC during the first or repeated trial ( Fig. 1 ) . No dissolved PCs and no adverse events due to passage of the PC were noted. In 24 of the 51 patients, abdominal radiography confirmed the location of the PC in the large intestine; in 26 of the 51 patients, excretion of the PC was confirmed by the patient or his or her legal guardian. In the remaining patient, the PC was confirmed to be in the colon by colonoscopy, which was performed to evaluate a colon lesion 21 h after PC ingestion. The time taken for the PC to reach the colon, determined radiographically (29.8 ± 14.9 h, mean ± SD), did not differ significantly from the time taken for excretion of the PC (25.6 ± 10.9 h). One patient with suspected Crohn's disease, who passed the capsule at 71 h, was considered a PC test failure because of the delayed excretion (>33 h), but at his family's request and with recognition of the risks, he underwent CE for symptom assessment. 
Time Taken to Ingest the CE Is Less Than That Taken to Ingest the PC
All 46 patients who swallowed the PC during the initial trial succeeded in ingesting the CE, and the time taken for its ingestion was significantly less than that taken to ingest the PC ( p = 0.01; Table 3 ). The time taken to ingest the CE was significantly longer for patients who had difficulty ingesting the PC (50.7 ± 71.0 min) than it was for those who had no ingestion difficulty (0.4 ± 1.6 min; p < 0.001; Table 3 ).
Ease of Capsule Ingestion
The 51 patients who successfully ingested both the PC and CE were asked to assess the ease of ingesting the capsules. All of them indicated that it was easier to ingest the CE than the PC because the surface of PC was not as smooth as that of the CE. This result suggests that PC ingestion difficulty depends, in part, on the surface characteristics of the PC.
Passage and Findings of the CE
None of the 51 patients who successfully ingested the CE experienced capsule retention. CE revealed small-intestinal lesions in 11 (21.6%) patients, thereby contributing to both the selection and modification of therapy for those patients. In the patient for whom PC excretion took 71 h, no CE retention occurred despite the presence of multiple intestinal stenoses. These results indicate that successful passage of the PC without its dissolution predicts a low risk of capsule retention during subsequent CE in pediatric patients; however, a delay in the passage (>33 h) of an intact PC requires careful interpretation.
Discussion
Difficulty ingesting capsules is a recognized problem among small children younger than 5 or 6 years of age; however, our study revealed that capsule ingestion is not guaranteed even in school-aged children. Our findings suggest that several factors contribute to the difficulty or inability of school-aged children to swallow PCs, including the patient's body size and lack of experience with oral capsule ingestion. This difficulty becomes a key issue when PCs and CEs are indicated for pediatric patients with suspected small-intestinal diseases. Our study results indicate that successful ingestion of the capsules depends largely on the child's height: children whose height was less than 152 cm had a higher risk of PC ingestion difficulty than did taller children. In the process of PC ingestion, the transportation of PC from oral cavity to the esophagus through the oropharynx is necessary. Thus, size and motility of oral cavity to the esophagus are considered important factors for PC ingestion in growing children. A previous study demonstrated that vocal cord length is correlated with body height [17] ; thus, our results that body height is shorter in the PC ingestion difficulty group than in patients without PC ingestion difficulty indicate that the small size of the pharynx may cause the PC ingestion difficulty. It is difficult for pediatric gastroenterologists to choose between endoscopic placement or an ingestion trial of a PC or CE in schoolaged children, but our results indicate that a child's height should be part of the assessment of his or her potential for PC ingestion difficulty prior to CE ingestion.
Another factor thought to contribute to PC ingestion difficulty is lack of experience with oral drug ingestion and swallowing capsules the size of a PC. To overcome this lack of experience, the so-called "jelly bean test" has proven useful prior to administering oral medications [18] , although tracheal aspiration of both jelly beans and CEs has been reported in children and elderly patients [13, 19] . Therefore, although jelly beans may be useful in preparing for PC ingestion, careful attention must be paid to the risk of tracheal aspiration.
In addition to a patient's height and lack of experience ingesting capsules, the patients' judgment that it was easier to ingest the CE than the PC suggests that the rough surface of the PC compared to that of the CE may also contribute to ingestion difficulty. This factor could be solved by the manufacturer in the future.
The PC and CE are of the same size, so successful ingestion of the PC promises successful ingestion of the CE. Therefore, our results suggest that an initial PC ingestion trial is effective not only for evaluating the patient's intestinal patency but also for facilitating the subsequent ingestion of the CE, thus helping to avoid CE failure. In addition, our study indicates that patients who experience difficulty ingesting the PC should be monitored for difficulty ingesting the CE. Additional reasons to conduct an initial ingestion trial with a PC are the cost and the battery of the CE. The CE is an expensive disposable device that costs approximately USD 830 (¥94,200) ; therefore, it is desirable to avoid CE ingestion failure. In contrast, the cost of a PC is approximately USD 53 (¥6,000); therefore, having patients try ingesting a PC first and proceeding with the CE only if the PC trial is successful is one of the most noteworthy and attractive advantages of this noninvasive technique. In addition, because the battery in the CE has limited capacity, it is preferable to have the patient ingest the capsule as rapidly as possible to facilitate taking capsule images in the digestive tract for as long as possible. If the initial ingestion trial continues for a long time due to difficulty swallowing the capsule, the trial becomes stressful for the patient. A later retrial of PC ingestion may be effective for patients who initially fail to ingest the PC because they become familiar with the PC ingestion process.
One possible complication of capsule endoscopy is capsule retention. In our study, 1 patient, for whom excretion of the PC took 71 h, did not experience CE retention despite multiple intestinal stenoses; therefore, delayed passage (>33 h) of an intact PC requires careful interpretation.
In conclusion, the PC is a useful noninvasive tool for evaluating intestinal patency and facilitating the performance of the CE examination, but attention needs to be paid to the possibility of PC ingestion difficulty, particularly in children shorter than 152 cm who lack experience with capsule ingestion. On the basis of our results, we recommend that physicians estimate PC ingestion ability by considering the child's height prior to performing a PC ingestion trial. In that way, the physician can explain the risk of PC ingestion difficulty to the patient or legal guardian before obtaining informed consent to perform the CE examination. In the case of a patient at risk for PC ingestion difficulty, the physician can explain the alternative method, endoscopic placement of the PC, and may prepare for it prior to the PC examination.
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